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GROUNDWATER IN WADI ESEL BASIN EASTERN DESERT.
EGYPT

M. M. El-Ghazewi and A. A. Abdel Baki

{Desert Research Center. Cairo)

ABSTRACT

During the last seven years, the Desert Research Center

- carried out intensive research work in the Eastern Desert

‘through Minzral, Petroleum and Groundwater Assessment

Program (MPGAP). This work proved that most of the

drainage becsins in this deseri have high groundwater

potentialities due to the occurrence of several water bearing
formations (aquifers) of different rock types.

Wadi Esel basin, to the south of El Quseir, is one of
such basins yrhere a number of productive aquifers is detecied,
e.g., Quaternary alluvium, Middle Miocene sandstone and
Precambriar: Hammamat rocks.

This study presents a hydrogeological and hydrochemical
assessment 9° such aquifers for evaluation of their groundwater
for different purposes. The characters and the relationships
berween aqu'fers were discussed through the study of the effect
of some structura’ elements on proundwater. The water quality
indicates that the groundwater varies generally berween fresh
and slightl» saline in the different aquifers. Only the
Hammamat groundwater can be safely used in drinking and
laundry, while both the Middle Miocene sandstone and the
Hammamat water are Suitable for irrigation.

INTRODUCTION

El-Quseir area is characierized by considerable tourist activities and the
existence of the most important phosphate mines in Egypt. The present water
supplies in this area are generally insufficient (about 700 m3/day of Nile water) to

meet the expected increase in water demands. For this reason, efforts are now
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directed to groundwater exploration and evaluation for different activities.

Wadi Esel basin is selected for detailed hydrogeological studies to determine
its groundwater poteatiality. Two wells were recently drilled by the Desert Rescarch
Center in this basin and inventory of the actually existing wells was made.
Periodical hydrogeogical measurements and groundwater sampling (December,

1983-March, 1990) were also carried out.

Wadi Esel basin lies at 22 km south El Quseir and is bounded by longitudes

34> 00" and 34° 24" E and latimndes 25° 36" and 25° 59 N (Figs. 1 and 2).

PHYSICAL SETTING

The Eastern Desert is located within the extremely arid province of Egypt. Its
climate is characterized by high temperature, high evaporation and high variability of

precipitation.

The meteorological stations in the Easiern Desert are few compared with the
total area. However, information about the climatic elements in E} Quseir is
recorded. Such information indicate that the total annual precipitation is 3.2 mm, the
maximum air temperature is 33.4°C in August, the maximum evaporation is 16

mm/day in June and the maximum humidity is 54% in October.

The local precipitation and temporary floods represent the main source of
groundwater in the Eastern Desert as well as in the study basin. In the last 30 years,
floods have been recorded in 1958, 1969 and 1980. Moreover, in October 1984

several wadis in south El Quseir area were flooded causing replenishment of

groundwaler.

The study basin has an area of about 716.8 km2 and drains the Red Sea

Mountain Shelf which is formed of igneous and metamorphic rocks. The main -
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channel of wadi Esel runs nearly in an east-west direction. It is characterized by steep

slopes with 2z exterded flood plain and alluvial 1erraces.

The headwaters of wadi Esel originates in Gebels Hamadat (+ 432 m), Melgi
(+ 774 m), El Atawi (+ 1078 m) and Gebel El Sibai (+ 1433 m). These headwaters
scour numerous fingers tip channels, e.g., wadis El~Tarfawi, El Atshan, El-Dabah
and wadi Abu Tundab (Fig. 2). The majority of these wadis are narrow (£ 200 m
width), meandered, gently slopping and bounded with steep almost vertical cliffs.

These wadis join wadi Ese! main trunk before it flows to the Red sea.

The drainage pattern of Esel basin was quantitatively analysed by
El-Fakharany (1989). This analysis indicates that the basin is elongated in shape
which allows runoff water to take place for longer period of time giving more chance
to feed the shallow water tearing formations. Thus, he recommended for barriers to

be constructed to increase secharge to the aquifers.

Stratigraphically, the exposed rocks in wadi Esel basin belong to
Precambrian, Upper Cret:weous, Lower Eocene, Middle Miocene and Quaternary.
The catchment area of this wadi is mainly composed of Hammamat rocks, besides

metavolcanic and granitic. rocks (Fig. 3). In the subsurface, the basement rocks are

encountered at 76 m depth (wel! No. 3).

According to the available geological information (B! Akkad and Dardir,
1966, Issawi er al., 1971 and Sabit et al., 1976), ihe sedimentary succession

overlying the basement rocks is discriminated, into the foliowing, from older to

younger :

- The Upper Cretacecus rocks; differentiated into Lower Maestrichtian
unit and Upper Maestrichtian - Danian one. The Lower Maestrichtian unit (Duwi

Formation) consists of lower shaley part and upper Oyster bichermal part with three
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horizontal phosphate beds. On the other hand, the Upper Maestrichtian - Danian rock
unit is represented by Dakhla shale which composed of upper shale (Anz Member)

and lower marl beds (Beida Member). The whole section does not bear water.

- The Lower Eocene rocks (Thebes Formation); built up of

limestone with chert bands (not detected as water bearing formation).

- The Middle Miocene rocks; differentiated into a lower permeable
water bearing unit (Gebel El-Rusas Formation) consists of sandstone, shale and

conglomerate and an upper imprevious confining one (Abu Dabbab Formation)

formed of gypsum and shale.

- The Quaternary deposits; composed of water bearing sand,

conglomerate and sill.

Structurally, wadi Esel is commonly dissected by NW-SE step faults parallel
to the Red Sea, The riortheast faulis are limited. Dykes and fractures are local
strructures predominated in the basement rocks. The latters have a direct effect on

groundwater recharge.
GROUNDWATER OCCURRENCES

The groundwater of wadi Esel basin is encountered in the following water
bearing formations (Fig. 4) :

- The Quaternary alluviaf aquifer.

- The Middle Miocene sandstone aquifer.

- The Precambrian fractured Hammamat aquifer.

The physical proyerties, distribution and the hydrogeological conditions of

these aquifers will be discussed as follows :
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1- The Quaternary alluvial aquifer :

The Quaternary alluvial deposits cover the ceurse of wdi Escl and its

tributaries forming wali terraces. They are dominated by sand pebbles interbeds of

more than 5 m thick.

The alluvial deposits are detected as water bearing formation in the deltas of
wadis along the Red S=a Coast south of El Quseir, where the groundwater exists in
the form of thin shee!s at depths varying from 2 m to about 12 m from ground

surface.

In the delta of wadi Esel, the floor is characterized by gentle stope which give
a chance for the local 1ainfall and surface runoff to infiltrate and feed this aquifer. A
hand dug well, put down by the inhabitants, was tapping the alluvial aguifer before

it was silted up (well No. 1, Fig 2).

The alluvial aquifer rests directly either on the fractured basement rocks at the
upstream portion or on the Middle Miocenc evaporites and shale at the downstream
portion (Fig. 4). The latters act as impervious layers preventing the downward
movement of groundwater to the underlying water bearing formation (the Middle

Miocene sandstone). So, the water seeps iaterally towards the Red Sea.

The quality of water in a well tapping the alluvial aquifer and located some 10
km north wadi Esel is brackish to slightly saline. The total salinity of water varies

generally between 3000 mg/1 and 3600 mg/1.
2- The Middle Miotene sandstone aquifer :

The Middie Mincene sediments are widely distributed in the coastal plain
south of El Quseir forming a portion of the low hilly region. They are composed of

a basal sandstone, shale and limestone unit (Gebei Fl Rusas Formation) and an
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upper one composed of gypsum, shale and marl (Abu Dabbab Formation). These
sediments, having an expased thickness of about 243.5m (Issawi et al., 1971), are

unconformably overlying the bascment rocks.

The basal sandsions is detected as water bearing formation at the lower
reaches of wadi Esel, where a hand dug well (well No 2) and iwo drilled wells (wells
No. 3 and 4) are put down at seme 4 to 7 km inland from the Red Sea. Such wells

tap this aquifer at depths varying between 11.7 m and 12.0 m from the ground

surface.

Lyies and {au.is have a certain bearing upon the Middle Miocene saandstone

aquifer of wadi 2sel. In the down stream portion, some 4 km from the Red Sea

coast. there is a granitc dyke crossing the main channel and runs in a NW-SE

direction. This dyke is affected by a major fault runs in & NE-SW direction and

originates natural passages which allow the groundwater to pass through. In

addition, local precipitation on the sandstone exposures infilirmes downward and

the subsurface {well No. 2). However, the presence of the

impervious cvaporites and shale of Abu Dabbsb Formation overiying the sandstone

1pe
aquifer in wells No. 3 and 4 prevenis any feeding from surface (Fig. 4). Therefore,
the exisience o aquifer in juxtaposition with the basement rocks, due o0
faulting, allows certainiy the possible feeding from the basement. This concept is
supported by the presence of longitudinal faults parallel to the course of wadis El
Tarfawi and Esel (Fig. 3). These faulis assist in forming passages for groundwater

2tween the upper reaches and the lower reaches of wadi Escl

Dealing with the hydraulic parameters of the Middle Miccene sandstone
aquifer in wadi Esel basin, a puraping test was carried out in well No. 3 for 9 hours
with a discharge raie of 19.4 m3/h. The drawdown of the groundwater level during

pumping was observed in the productive weil and in a piezometer which is lined at a

Gd
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distance of 6.3 m. The maximum drawdown in the pumped well and the piezometer
was 3.2 m and 1.45 m. respectively. The daw of this pumping test were analyzed by
Sewidan (1990). The resulis obtained are :
69 m2/day

1.2 x 10-3

Transmissivity (D
o

Storativity {S)
Hydraulis conductivity  (K) = 4.31 m/day

1l

3 - The precambrian fractured Hammamat aquifer :

The fractured Hammainat rocks constitute the majo:ity of the catchment area
in wadi Esel. They are composed of conglomerate, gritstone, sandstone, siltstone and
claysione. The surface of these rocks is dissecied by a network of fractures with wide
width reaching more than 10 cm. The joiat density is high (30 joint/m2). These

joints and fractures act as good conduits for water.

The groundwater of the fractured Hammamat aquifer is detected in two hand
dug wells (wells No. 5 and 6) put down in wadi El Tarfawi (secondary chanrel of
wadi Esel). The groundwater cxists at depth ranging between 2.5 m and about 6.0 m

from ground surface., This aquifer is recharged directly from local precipitation.

GROUNDWATER QUALITY

The exploitable aquifers in wadi Ezel basin are mainly the Middle Miocene
sandstone and the fractured Hammamat rocks. Considerable amounts of groundwater
are obtained from both aquifers through few nomber of hand dug and drilied wells
{(total 4). Both groundwaters are of variable guality due to location, lithology and

recharge.

The groundwater quality of the Middle Miocene sandstone and the fractured

Hammamat rocks will be discussed through the chemical analysis of 16 water
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samples collected from wells No. 2, 3, 5 and 6 in number of cycles between the

time interval extended from December, 1983 to March, 1990. The results of

chemical analysis are shown in table (1).

Referring 10 table (2), the chemical characteristics of the concerned aquifers

are described as follows :
1- Groundwaier of the Middle Miocene sandstone aquifer :

a - The groundwater of the Middle Miocene sandstone varies from brackish to
slightly saline. Its average salinity ranges from 2700 mg/1 (well No. 3) to 3700
mg/1 (well No. 2. This relatively high salinity is due to leaching processes, water

stagnancy, low rate of recharge and alteration due to hydrothermal activity.

b - According to ions concentrations, the sequence of abundance of both
anions and cations follows the orders; Cl- > SO4— > HCOs- and Na®™ > Mg
(Ca*t) > Ca™ (Mg™™). Therefore, the water chemical type is chloride - sodium.
The two main elements, chloride and sodium, have close values in average. Mostly,

magnesium exceeds calcium, while chloride is 2-3 times the sulphate.

¢ - Based on ions combination, tne marine salis NaCl, MgClI2, MgSO4,
CaSO4 and Ca(HCO3)2 are mainly detected in the groundwa[er:. These salis are
resuited from leaching of evaporites and shale (Abu Dabbab Formation), through
direct contact. Moreover, this groundwater has values for the ratios ©Na/rCl, 1SO4 /
rCl and rCa/rMg comparable with those of sea water. This also indicates the impact

of marine sediments on water qulity (Table 2).

d - The classification of water quality on the semi-logarithmic graph of
schoeller (1962) is shown in figure (5). This graph indicates the relationships
between the different constituents as expressed by the slope of the lines connecting

these constituents (in-.miliequivalent/litre). So, the two lines representing the
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Table (1) : Results of chemical analyses of groundwater in wadi Esel (concentrations in mg/1).

37

Wel  Aquifr Dae  pH  EC  TDS Gttt Mg etk COy-- HCO;4- SO, al
No. of m.mhos/ (mg/!) ’
sampling cm.
2 Middle Dec.83 8.3 9098 5138 190.9 232 1400 54 29.38 375 500 2544
2 Miocene Qct. 84 4512 3018 179.0 96.72 750 27.5 23.23 414.45 750 979
2 Sandstone  Dec. 84 7.9 6992 3607  281.4 97.68 910 32.3 14.11 459.0 520 1522
2 Dec. 89 7.6 4400 2880 129.29 1277 725 25.0 - 3823 510 1174
3 Aprit88 7.5 2808  150.4 183.2 600 12.5 8.34 127.18 658 1136
3 Dee. 89 7.23 4100 2543 153.53 130.0 615 16.5 - 70.15 370 1223
3 March 90 7.5 28838  160.0 114.0 730 13.8 - 64.0 400 1400
5 Hammamat Feb. 84 7.6 2430 1414 54.70 18.13 435 7.0 17.48 242.8 450 311
5 Rocks March 84 7.8 2449 1357 71.64 21.76 375 9.5 - 331.35 380 332
5 Oct.84 2041 1227 67.66 12.09 360 - 10.0 17.42 3123 300 304
5 Dec.84 7.6 4968 2682 112.36 8305 740 21.5 - 484.2 600 885
5 Dec. 89 -7.51 2800 1766 96.96 34.36 520 10 - 378.8 380 538
6 Feb. 84 7.7 1580 900 45.36 217.56 250 4.0 8.74 204.35 245 215
6 March 84 8.0 1659 868 55.72 19.34 240 5.0 17.46 213.0 200 225
6 Oct. 84 1853 1000 63.68 31.43 260 4.5 19.36 2377 190 310
6 Dec. 84 8.4 2034 1137 7236 17.09 325 6.5 21.17 297.2 260 287
Rain water Oct.B34 7.0 - 80 10.8 3.01 13 2.0 - 49.0 10 15
Red sea water Qct.84 774 - 44000 577 644 14000 250 EN 110 3200 24235
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Table (2) : Hydrochemical parameters wadi Esel groundwater

Dcpth Avcragc Avcragc Average /-\T/e-mgé T T T
Well  Location  Aquifer to oS NaCl rCa/rMg 1504/ C1 lon dominance Water type Dominant salt
No. water (mg/l) ‘ combinations
(m)
2 Downstream  Middle 12 3660 0.975 0.965 0.32 Ci> SO, > HCO, Chiloride- TTNaCl, MgC]?_, MgSO4, CaSo4,
Miocene (0.85)* 0.20)* (0.10)* Na>Mg(Ca)> sodium Ca (!IC()3)2
sandstone Ca (Mg)
3 Downstream  Middle 11.7 2744 0.79 0.47 0.50 Ci> 504> IlCO3 chloride NaCl, MgClZ, MgSO4, CaS0,
Miuvcene Ma > Mg > Ca sodium Ca (HCOy),
sandstone )
5 W. El- Precambrian 2.45 1690 1.7 1.99 0.73 Ci> 304 > HCO3 Chioride Nall, N32304, MgSO4,
Tarfawi Hammamat (1.54)%* (2.16)*% (0.50)** Na>Ca>Mg sodium Mg (}ICO3)2, Ca(l lCOE)Z
6 W.El- Precambrian 5.96 976 1.61 1.63 0.65 C1>HCO3 (S04) > Chiloride

NaCl, N32$O4, MgSO4,
SO 4 (HCOB)/Na. > sodium Mg(HCOB)Z, Ca (HCO3)2
(0.85)* average value in sea water Cmmmm - T T
(1.54)** average value . resh meleoric valer (precipitation)

Tarfavi Hammamat
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Middle Miocene sandstone groundwater (wells No. 2 and 3) show slight variatic: in
the concentration of the corresponding constituents. This is attribuied to the varying
effect of the factors controlling the water quality in the two wells. However, the
graph shows that ths groundwater is characterized by the pattern; Ca™ < Mgt <

Na™ < CI' > SO, ™~ >HCOg3.

e - With regurd to the suitability of water quality for domestic and irrigation
purposes, it can be roticed that the Middle Miocene water is unsuitable for drinking
and laundry purpouses as the determined values of salinity, chloride, sulphate,
magnesium and calcium carbonate hardness exceed the permissible limits of
domeztic use as given by the U.S. Public Health Service (1962) : TDS (1600mg/1),
CL- (250 mg/1); SO,™ (250 mg/1), Mg** (125 mg/1) and CaCOy hardness
(60-120 mg/1). For irrigation purposes, on the other hand, the U.S. Laboratory Staff
(1954) classified the irrigation water on basis of the sodium adsorption ratio (SAR)*

as follows :

Class SAR Quality 7 Usage
I g -10 Low sodium can be ysed in all soils
I 10 - 18 Medium sodium preferabie used in coarse texture

soils with good permeability
m 18 -26 High sodium cam produce harmful effect; good

soil management essential

* SAR = Na+/ (Ca++ + Mg++) /2

39
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The sodium adsorption ratio for the concerned aquifer ranges between 7.7 and
11.9. Accordingly, the Middle Miocene groundwater can be used for irrigation of

all soils and coarse texture soils with good permeability.
2- Groundwater of the fractured Hammamat aquifer :

a - The groudwater of the fractured Hammamat rocks varies from fresh to
slightly brackish (Table 2). Its average total salinity ranges from 980 mg/1 (well
No. 6) to 1700 mg/1 (well No. 5). These relatively low salinity values could be

attributed to the foIlowing :

- The coaposition and coarse texture of the Hammamat rocks (breccia anid

conglomerate).

- The dense and wide fracture system which accelerates the infliration rate

and minimizes the role of leaching processes.
- The low rate of evanporation due 1o shading of high escarpments.
- The closeness to the replinishment area.

o - According to their dominance, the ions are arranged in descending order as

follows :
CI"> 80,7 (HCO43- > E‘E{CO"3 {SO4) - and Na* > Ca™™ > Mgt The

concentration of sodium is 1early double that of chloride while calcium is prevailed
over magnesium by the same ratio. Therefore, the vaiues of rNa/rC! and rCa/rMg
are always more than unity and can be correlated with those of fresh meteoric water

(Table 2). This indicates the meteoric origin for the groundwater (precipitation).

¢ - The concentration of ions reveals the formation of two group of salts in

a1
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the groundwater ;

NaC}, N32304, MgSO4, I\Ig (HCO&)z, Ca(HCO3)2 and Naf‘l, Nd2804,
NaHCO4, Mg (HCO3),, Ca (HCOg),. These salt groups characterize fresh

meteoric water and resistant water bearing rocks (Hem. 1959).

d - From the semi-lorgarithmic graph (Fig. 5), it is evident that the lines
representing the Harnmamat groundwater (wells No. 5 and 6) and rainwater exhibit
nearly parallel relations. This parallelism means that the groundwater tapped from
the Hammaiat aquifer is developed from rainwater and hence, both water types are
characterized by the pattern Ca** > Mg™™ < Na* > CI" > §04-- < HCO;-.
Morgover, the graph indicates that there is a chemical reiation berween the
Harnmamat and the Middle Miocene aquifer. This relation is defined from the lines
of walls No. 2, 5 and 6 which show nearly identical ion relationships with the
exception of the Ca** - Mg** and SO, - HCO4 ratios which are different. due
1o the ion exchange and leaching processss.

e - On basis of the U.S. Public Health service standards (1967} mentioned
before, it can be concluded that the water of well No, 6 is suitable for domestic
purpose, while that of well No. 5 is unsuiiable for the same purpose but can be used
under special circmstances. However, both wells can be used for irrigation of all
soils and also coarse textured and highly permeable ones (U.S. Laboratory Staff,

1954}, Their SAR values range from 6.7 to 12.9.

RECOMMENDATIONS

In order to develop the groundwater in wadi Esel the following are

recommended:

1 - Full wilization of the fresh groundwater of the fractured Hammamat
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aquifer by drilling at least two productive wells at selected sites around the hand dug

wells 5 and 6.

2 - Quantitative evaluation of the Middle Miccene sandstone aquifer by

drilling new wells and use its groundwater for agricultural activities.

3 - Carry out drilling operations in the delta of wadi Esel to explore and

evaluate the alluvial aquifer.
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